Rhopalosiphum maidis was evaluated on summer barley under conditions of south-western Slovakia in 2001 and 2002. D. noxia was infesting summer barley during both years, while R. maidis was only recorded in 2002. Further three cereal aphids, Rhopalosiphum padi, Metopolophium dirhodum and Sitobion avenae, were also observed on summer barley. Complex of entomophthoralean fungi identified in cereal aphid colonies included four species, Pandora neoaphidis, Entomophthora planchoniana, Conidiobolus obscurus and Neozygites fresenii, with P. neoaphidis as the most prevalent fungus during both years. Two parasitic fungi, P. neoaphidis and E. planchoniana, were identified from D. noxia, but P. neoaphidis was predominant. Infection rate in D. noxia colonies was low, not exceeding 15% and 10% in 2001 and 2002, respectively. Only nine R. maidis individuals were killed with entomophthoralean fungi. The fungi were identified as P. neoaphidis and C. obscurus. No epizootics were observed in the aphid colonies. The fungi could not control development of the aphid populations since they did not appear until high host densities had been established in the crops.
Introduction
Recently, two new species of cereal aphids have been recorded under conditions of Slovakia. They are Diuraphis noxia (Kurdjumov), observed on summer barley (Lukáš et al. 2001) , and Rhopalosiphum maidis (Fitch), recorded on volunteers of barley in early autumn (Cagán and Štalmachová 2001) . D. noxia, a species of central-western Asian origin, has become due to its extensive spread one of the key aphid pests of cereals in several parts of the world (Starý 1999; Blackman and Eastop 2000) . R. maidis has worldwide distribution, but as for Europe distribution, it only occurs regularly in Mediterranean countries (De-Gouveia 1984; Fereres et al. 1990; Pajmon 1997) . Both the species colonised summer barley in significant numbers and they exhibited their potential to reach a pest status for this host under conditions of south-western Slovakia (Barta and Cagán 2005) . D. noxia has been monitored by suction traps in central Europe since the early reports of its occurring at the beginning of 1990s (Starý et al. 2003) . Native and introduced natural enemies, including parasitoids and predators, were investigated as promising regulating factors of D. noxia in the new area (Starý 1999) , however, fungal pathogens were not included.
Entomophthoralean fungi have been found to be important mortality factors for aphids in fields (Latgé and Papierok 1988) . Until now, 30 entomophthoralean species have been known to cause mycoses in natural aphid populations (Barta 2004) . Some of the pathogens possess a great potential as biological control agents due to their ability to develop strong epizootics resulting in natural regulation of aphid populations (Latgé and Papierok 1988) . In Slovakia, 15 entomophthoralean species were recorded from different aphid species in fields and wild vegetation (Barta and Cagán 2006) . Infection by the entomophthoralean fungi were investigated in several pest aphid populations in Slovakia (Štalmachová and Cagán 2000; Cagán and Barta 2001; Barta and Cagán 2002) and some of the fungi exhibited potential to control host populations in crops. Entomophthoralean fungi that are able to control populations of D. noxia and R. maidis in other parts of the world (Feng et al. 1990 Feng and Nowierski 1991; Hatting et al. 1999 ) have also been recorded in Slovakia (Barta and Cagán 2006) . Therefore, there is an assumption that both aphids can be attacked by the fungi under ecological conditions of Slovakia, as well. There are few records of entomophthoralean infection from D. noxia or R. maidis in Central Europe. Some mycoses induced by Entomophthorales in the aphid colonies were noted in Hungary (Basky and Hopper 2000) , Slovakia (Barta and Cagán 2006) and Austria . However, development of the fungal infection in the aphid colonies has not been studied.
Since fungal pathogens of the exotic aphids, D. noxia and R. maidis, had not yet been studied under ecological conditions of Central Europe, we initiated an investigation on a seasonal occurrence of Entomophthorales in populations of the aphids in south-western Slovakia.
Materials and Methods
The study was carried out at the Experimental Base of the Slovak Agricultural University in Nitra -Dolná Malanta (48°19´N, 18°09´E) during 2001 and 2002 growing seasons. Populations of cereal aphids were monitored in experimental plots with summer barley. No chemical control was applied to the crop. In 2001, the observations started at the beginning of June and continued until the crop was harvested. In the following sampling season, the observations began in the second half of May, when migration of cereal aphids to the crop started. In both years the sampling site was visited at week intervals and a total of 45 sample units (15 sample units in three repetitions) were selected at random. A sample unit (SU) represented one tiller of summer barley. At each sampling date, numbers of live and fungus-killed aphids were counted by visual inspection of chosen sample units. When sampling crops, we walked along a diagonal transect in the plots and randomly chose tillers at approximately 1 m intervals. The experimental plots had a size of 1400 m 2 (35 × 40 m) in both years. Aphid species were identified by fundamental morphological features in situ. However, samples of adult aphids were also collected and stored in small polystyrene tubes (10 × 70 mm) filled with 70% ethanol. Those samples of aphids were used to verify the identification of species. Aphid species were identified using the key after Blackman and Eastop (2000) . Aphids' cadavers that exhibited characteristic symptoms of entomophthoralean infection were categorised as fungus-killed individuals. The cadavers were collected and subjected to a microscope examination to confirm the fungal infection. Microscopic examinations and staining procedures of fungal material were followed after Keller (1987) . The keys by Keller (1987 ), and Humber (1997 were used for identification of the parasitic fungi.
Analysis of variance was applied to determine differences in abundance of aphids between years. For each sampling date an infection rate was counted: number of fungus-killed aphids/number of live + fungus-killed aphids × 100. c 2 -test was used for comparisons of infection rates between sampling dates.
Results
Five cereal aphids were observed infesting the crops of summer barley during the surveys and four fungal pathogens of the order Entomophthorales were identified from the aphids. Tables 1 and 2 It was low as far as a peak of aphid population. At the peak of aphid abundance only 5 killed aphids were recorded, but the disease development advanced progressively. On the following sampling occasion the proportion of infected aphids in the population (infection rate) elevated significantly (c 2 = 432.16, P < 0.01). However, no live or , when a maximum infection rate reached 50%. Interestingly, mortality of co-occurring aphid species due to fungal infection was low during that year. Two fungal pathogens from the order Entomophthorales were found in the populations of R. maidis. They were identified as P. neoaphidis and C. obscurus. Mycoses were detected in a low number of aphids. P. neoaphidis was identified from 8 aphids and C. obscurus was recorded from one aphid.
Discussion
Cereal aphids are frequently attacked by entomophthoralean fungi (Dean and Wilding 1971; Dedryver 1983; Feng et al. 1990; Hatting et al. 1999) . Up to present five fungal species, P. neoaphidis, C. obscurus, E. planchoniana, N. fresenii and Zoophthora aphidis (Hoffman in Fresenius) Remaudière et Hennebert were identified from cereal aphids in Slovakia (Štalmachová and Cagán 2000; Barta and Cagán 2006) . During this survey four species were identified from aphid cadavers at the study area. The same group of four fungal species, P. neoaphidis, C. obscurus, E. planchoniana and N. fresenii, is regularly recorded infecting cereal aphids in Europe (Coremans-Pelseneer et al. 1983; Dean and Wilding 1971; Dedryver 1983; Štalmachová and Cagán 2000) , in North America (Feng et al. 1990 , and in South Africa (Hatting et al. 1999 (Hatting et al. , 2000 . Our observations indicate a prime role of P. neoaphidis as a regulating factor of cereal aphids with ability for epizootic regulation of aphid populations, primarily that of M. dirhodum. This is in agreement with results of other authors. Dedryver (1983) found P. neoaphidis to be more efficient in regulation of cereal aphids than C. obscurus or E. planchoniana in France. In Denmark, P. neoaphidis was the most common fungus among cereal aphids and it appeared earliest and latest within host colonies (Steenberg and Eilenberg 1995) . The species was also the most prevalent in colonies of M. dirhodum and D. noxia in South Africa (Hatting et al. 2000) and the USA (Feng et al. 1990 ). found that P. neoaphidis epizootics was more frequently recorded in populations of M. dirhodum than in those of S. avenae, which were more often subjected to C. obscurus.
D. noxia and R. maidis suffered from fungal infection under ecological conditions of Slovakia, however, the infection was not strong enough to control development of the aphid populations. The fungal infection occurred late, in high popu-lation densities, when the crops had been damaged by large aphid populations, especially in case of D. noxia in 2001. This phenomenon is commonly reported in aphid populations by other authors Sivcev 1991; Barta and Cagán 2002; Cagán and Barta 2001) . In Slovakia, the most abundant fungus in cereal aphid populations was P. neoaphidis, which also accounted for the majority of D. noxia and R. maidis fungal mortality. A high prevalence of P. neoaphidis in colonies of D. noxia was reported in the USA (Feng et al. 1990 Wraight et al. 1993) , South Africa (Hatting et al. 2000) , and Hungary (Basky and Hopper 2000) . Epizootics of P. neoaphidis in field populations of D. noxia have also been recorded (Hatting et al. 2000; Wraight et al. 1993 ). During our two-year observations, only two fungal species were identified from D. noxia or R. maidis. Similar results were presented in north-western USA, where P. neoaphidis and Conidiobolus spp. infected both, D. noxia and R. maidis (Feng et al. 1990 ). Three fungi, P. neoaphidis, C. obscurus and Entomophthora chromaphidis Burger et Swain, were identified in central USA (Wraight et al. 1993) . Broader species spectrum of entomophthoralean fungi was recorded during surveys for natural enemies of D. noxia in South Africa (Hatting et al. 1999 ) and in Eurasia (Gruber et al. 1991) , including pathogens P. neoaphidis, E. planchoniana, N. fresenii, C. obscurus, Conidiobolus thromboides Drechsler and Zoophthora radicans (Brefeld) Batko. Epizootics of P. neoaphidis in D. noxia populations in South Africa indicated a high level of susceptibility primarily to this fungus (Hatting et al. 2000) . R. maidis can be successfully inoculated with conidia of N. fresenii from cadavers of Microlophium carnosum Buckton (Barta and Cagán 2003) and Aphis craccivora Koch in laboratory (Mejia et al. 2000) . N. fresenii was recorded from natural colonies of R. maidis in Austria , but not in our survey, or surveys carried out in South Africa (Hatting et al. 1999 ) and north-western USA (Feng et al. 1990 ).
Both aphid species investigated during the survey in south-western Slovakia were susceptible to entomophthoralean infection. A prevalence of fungal infection in the aphid colonies was year depended and to evaluate their impact on population development additional data collections from further years are required.
